THE 

ACTION  OF  THE  GLOTTIS 

IN  SINOINO 


A 

BY 

THOMAS  E.  FRENCH,  M.  D. 

CLINICAL  PROFESSOR  OF  DISEASES  OF  THE  THROAT  AND  NOSE  IN  THE 
LON&  ISLAND  COLLEaS  mMPITAL,  BROOKLYN 


REPRINTED  FROM  THE  NEW  YORK  MEDICAL  JOURNAL  FOR  JANUARY  31,  1891 


NEW  YORK 
D.  APPLETON  Ai^D  COMPANY 

1891 


THE 


ACTION  OF  THE  GLOTTIS 

IN  SINGING 


BY 

THOMAS  E.  FRENCH,  M.  D.  ^ 

CLINICAL   PROFESSOR   OF  DISEASES   OF  THE   THROAT   AND   NOSE   IN  THE 
LONG  ISLAND   COLLEGE   HOSPITAL,  BROOKLYN 


REPBINTED  FROM  THE  NEW  YORK  MEDICAL  JOURNAL  FOR  JANUARY  31,  1891 


NEW   Y  O  R  K 
D  .  A  P  P  L  E  T  O  ]^  AND   C  O  M  P  A  is"  Y 

1891 


Copyright,  1891, 
BY  D.  APPLETON  AND  COMPANY. 


THE  ACTION  OF  THE  GLOTTIS  IN  SINGING. 


The  diversity  of  opinion  reirarding  the  action  of  tlie 
glottis  in  singing  which  still  exists  among  authorities  on 
voice-production  makes  it  imperative  that  some  other 
means  than  that  of  the  unaided  eye  in  making  direct  ob- 
servation must  be  employed  if  a  satisfactory  solution  of 
this  problem  is  to  be  reached.  The  photographic  studies 
of  the  glottis  in  singing  which  I  have  made  during  the  past 
four  years  have  convinced  me  that  through  this,  more  than 
any  other  method,  can  we  hope  to  reach  a  clear  understand- 
ing of  the  mechanism  of  the  vocal  bands  during  the  forma- 
tion of  the  registers  and  in  the  changes  in  the  pitch  of  the 
voice. 

The  movements  of  the  glottis  are  often  so  rapid  that 
the  eye  can  not  appreciate  them,  or  are  so  numerous  that 
the  mind  will  not  retain  them  in  the  order  of  their  occur- 
rence. It  is  estimated  that  the  human  eye  can  open  and 
shut  in  the  one  tenth  part  of  a  second,  but  an  impression 
formed  upon  the  retina  in  that  time  lacks  detail,  wliile  an 
image  of  the  interior  of  the  larynx,  in  all  its  detail,  may  be 
fully  and  clearly  impressed  upon  the  sensitive  plate  in  the 
one  hundredth  part  of  a  second.  Those  movements  which 
the  eye  fails  to  appreciate  may  easily  he  defined  by  taking 
a  series  of  photographs  at  different  stages,  which,  being 
viewed  consecutively,  clearly  show  such  movements  in  their 
entirety. 

If  the  changes  which  occur  in  all  larynges  in  singing 
were  in  all  respects  uniform,  a  clear  exposition  of  their  na- 
ture could  readily  he  made;  but,  as  such  is  not  the  case, 
the  movements  of  the  larynx  in  a  large  number  of  individ- 
uals must  be  studied  by  themselves  and  deductions  made 
which  will,  perhaps,  make  clear  the  laws  which  govern  such 
changes.  Through  instantaneous  photography  the  actions  i 
of  the  bodies  of  men,  animals,  and  birds,  which  were  before 
known  only  in  a  general  way,  have  been  made  quite  clear 
in  their  detail ;  so  also  may  the  movements  of  the  rapidly 
acting  larynx,  in  the  act  of  singing,  be  clearly  defined.  The 
practical  application  of  photography  to  the  study  of  the 
glottis  in  the  act  of  singing  is  destined,  T  believe,  to  reveal 
the  nature  of  most  of  the  hidden  movements  of  the  parts  in 
the  production  of  tones.  Photography  will  then  supplant 
the  unaided  eye  in  the  study  of  movements  and  changes 
which  occur  much  too  rapidly  for  accurate  record  upon  the 
retina. 

T  have  not  yet  permitted  myself  to  formulate  a  theory 
of  the  action  of  the  larynx  in  singing,  for  even  now,  after  a 
large  number  of  studies  have  been  made,  the  camera  is  con- 
stantly revealing  new  surprises  in  the  action  of  the  vocal 
bands  in  every  part  of  the  scale.  The  movements  of  the 
larynx  in  a  much  larger  number  of  subjects  must  be  re- 
vealed, grouped,  and  recorded  before  definite  conclusions 
can  be  drawn.  It  was  with  the  belief  that  the  camera 
would  prove  to  be  the  key  to  the  solution  of  a  part,  at 

*  Read  before  the  Laryngological  Section  of  tbe  Tenth  International 
Medical  Congrgss,  Berlin,  August  6,  1890. 


least,  of  the  problem,  that  I  undertook  the  study,  a  portion 
of  which  has  been  made  the  subject  of  this  paper. 

There  is  but  one  class  of  subjects  in  which  the  studv 
of  the  laryngeal  image  in  singing  can  be  satisfactorily 
made — namely,  that  in  which  the  anterior  insertions  of  the 
vocal  hands  are  well  shown  during  the  emission  of  all  the 
tones  of  the  voice.  If  the  ventricular  bands  make  angular 
junctions  with  the  anterior  wall  of  the  larynx,  the  anterior 
insertions  of  the  vocal  bands  can  not  be  seen.  The  extreme 
anterior  limits  of  the  vocal  bands  can  only  be  seen  when  the 
outline  of  the  tissues  connecting  the  ventricular  bands  in 
front  is  semicircular  in  shape.  This  pair  of  photographs 
will  enable  me  to  make  my  meaning  clear  :* 


Pair  1. 


In  the  first  photograph  the  anterior  boundary  is  round- 
ed, and  permits  a  view  of  the  insertions  of  the  vocal  bands 
into  the  thyreoid  cartilage.  In  most  larynges  the  condition 
shown  in  the  second  photograph  is  present  during  the  pro- 
duction of  all  the  notes  in  the  compass  of  the  voice.  In 
this  larynx  the  extreme  ends  of  the  vocal  bands  are  con- 
cealed from  view  by  the  lower  boundary  of  the  anterior 
wall  of  the  larynx,  A  portion  of  the  bands  is  thus  cov- 
ered, to  a  small  extent,  of  course,  but  enough  to  prevent 
accurate  measurements  being  taken.  In  a  large  number  of 
larynges  the  anterior  wall  projects  backward.  Its  change 
in  position  reduces  or  enlarges  the  cavity  of  the  larynx, 
and  so,  no  doubt,  afiects  the  quality  as  well  as  the  pitch  of 
the  voice.  In  this  class  of  larynges  it  is  impossible  to  de- 
termine whether  the  vocal  bands  are  lengthened  or  short- 
ened in  the  transition  from  one  register  to  another,  or  in 
the  variations  in  the  pitch  of  the  voice. 

Occasionally  the  anterior  insertions  will  show  in  only 
a  portion  of  the  scale.    Such  was  the  case  in  the  subject  of 


*  The  illustrations  used  in  this  article  are  direct  reproductions,  by 
the  "  half-tone  "  photo-engraving  process,  of  the  photographs  displayed 
upon  the  screen  when  this  paper  was  read  in  Berlin.  This  method  of 
reproduction,  so  far  as  laryngeal  photographs  are  concerned,  is  in  the 
nature  of  an  experiment,  and  may  not  prove  to  be  entirely  satisfactory. 
A  slight  variation  in  the  pressure  of  the  plates  upon  the  sheet  may 
materially  affect  some  of  the  lines  about  the  glottis  and  so  misrepre- 
sent the  actual  position  of  the  parts.  If  the  photo-engravings,  espe- 
cially those  of  larynges  representing  the  higher  tones,  do  not  accord 
with  the  written  description  of  them,  it  must  be  assumed  that  the  fault, 
is  with  the  reproductions  and  not  with  the  photographs. 
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whose  larynx  the  second  of  the  first  pair  was  taken,  as  will 


The  group  represents  the  larynx  of  this  subject  while 
sing-ing  the  lowest,  the  highest,  and  a  middle  note  of  her 
voice.  You  may  observe  that  in  the  lower  and  middle 
notes  only  are  the  anterior  insertions  exposed.  In  all  the 
notes  above  they  are  covered  by  the  lower  boundary  of  the 
anterior  wall  of  the  larynx  in  the  manner  represented  in 
the  upper  note. 

The  fact  that  there  arc  relatively  but  few  subjects  in 
whose  larynges  the  anterior  insertions  can  be  seen  through- 
out the  range  adds  greatly  to  the  difficulties  of  this  inves- 
tigation. In  order  to  find  one  satisfactory  subject,  a  large 
number  have  to  be  examined,  which  necessarily  takes  much 
time  and  renders  the  progress  of  the  study  very  slow. 

In  the  short  time  allotted  to  me  it  will  be  impossible  to 
do  more  than  exhibit  series  of  photographs  taken  of  thf 
larynges  of  four  female  subjects,  which  will  show  how  the 
changes  may  be  made  in  the  action  of  the  glottis  from  one 
register  to  another  and  in  the  variations  in  the  pitch  of  the 
voice.  These  series  were  taken  consecutively,  and  will, 
therefore,  fairly  represent  the  marked  variations  in  the 
movements  of  the  various  structures  which  occur  in  differ 
ent  larynges. 

The  second  pair  of  photographs  is  the  first  of  a  scries 
which  I  will  show  of  the  larynx  of  a  well-known  profes- 
sional contralto  singer.  The  voice  is  of  excellent  quality. 
The  first  of  the  pair  was  taken  while  F  sharp,  treble  clef, 
third  line  below  staff  was  being  sung,  and  the  second  while 
she  was  singing  E  above.*  These  are  one  of  tlie  lowest  and 
the  highest  notes  of  her  lower  register.    In  the  photograph 


*  All  notes  in  this  and  th3  following  sciies  were  sung  in  the  key 
of  A. 


representing  the  lowest  note  it  can  be  seen  that  the  vocal 
bands  are  quite  short  and  wide,  and  that,  with  the  exception 
of  the  anterior  fourth,  the  ligamentous  and  a  part  of  the 
cartilaginous  glottis  is  open  and  the  slit  between  the  vocal 


Pair  2. 


bands  is  linear  in  shape.  As  the  voice  ascends  the  scale 
the  vocal  bands  increase  in  length  and  decrease  in  width, 
until  at  the  highest  note  of  the  register  they  can  be  seen 
to  have  become  considerably  longer.  It  can  also  be  ob- 
served that  the  ligamentous  portion  of  the  glottis  is  still 
open  to  the  same  relative  extent,  and  that  the  cartilaginous 
portion  has  opened  to  its  full  extent.  In  the  photograph 
representing  the  lower  note  the  anterior  faces  of  the  arytse- 
noid  cartilages  can  be  seen.  As  the  voice  ascended,  the 
capitula  Santorini  were  tilted  forward.  This  seems  to  be 
proved  by  the  change  in  the  position  of  these  structures 
as  seen  in  the  photograph  representing  the  upper  note,  as 
well  as  a  similar  change  to  be  seen  in  nearly  all  the  series 
sho  wing  the  registers  which  I  have  taken.  Tiie  epiglottis, 
though  not  well  illuminated,  seems  to  have  risen  as  the 
voice  ascended  the  scale.*  The  vocal  bands  have  increased 
in  length  at  least  an  eighth  of  an  inch  in  seven  notes.  The 
compass  of  the  voice  of  this  subject  is  about  two  octaves 
and  a  half.  Therefore  at  that  rate  of  lengthening  the  vocal 
bands  would  iu'M'case  nearly  half  an  inch  if  their  length 


Pair  3. 


was  progressively  increased  while  singing  up  the  scale  from 
the  lowest  to  the  highest  note.    This  progressive  increase 

*  The  light  upon  the  epiglottis  is  so  weak  tliat  the  structure  does 
not  appear  at  all  in  the  photo-engraving. 
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in  length  does  not,  however,  occur,  and  the  reason  will  be 
apparent  in  the  next  pair  of  photographs  (Pair  3),  which 
show  the  changes  which  took  place  in  the  larynx  at  the 
lower  break  in  the  voice,  which,  in  this  subject,  occurs  at 
F  sharp,  treble  clef,  first  space. 

The  changes  which  occur  at  this  point  are  extremely  in- 
teresting and  instructive.  In  the  transition  from  the  lower  to 
the  middle  register,  from  E  to  F  sharp,  in  the  voice  of  this 
subject,  the  vibratory  portions  of  the  vocal  bands  are  short- 
ened about  a  sixteenth  of  an  inch.  The  anterior  insertions 
of  the  vocal  bands  can  be  seen  in  both  photographs;  there- 
fore the  actual  difference  in  the  length  of  the  bands  can  be 
appreciated.  The  vocal  bands  have  not  only  become  shorter, 
but  they  appear  to  be  subjected  to  a  much  higher  degree  of 
tension.  The  cartilaginous  glottis  is  closed  and  the  aper- 
ture in  the  ligamentous  portion  has  been  much  reduced  in 
size.  The  laws  which  govern  the  pitch  in  both  string  and 
reed  instruments  will  aid  us  in  explaining  this  change?. 
Though  the  tone  is  higher  and  the  degn^e  of  stretching  less 
than  in  the  note  below,  the  tension  is  increased,  and  the 
aperture  through  which  the  air  passes  is  much  narrower. 
It  seems  to  me  that  this  clearly  defined  change  in  the 
mechanism  of  the  vocal  bands — which,  so  far  as  my  investi- 
gations permit  me  to  judge,  are  at  this  point  in  the  scale 
tlie  rule — will  assist  us  to  a  clear  understanding  of  the  action 
of  the  laryngeal  muscles  in  singing  when  we  reach  that 
part  of  the  study. 

In  the  first  photograph,  which  was  taken  while  the  sub- 
ject was  singing  the  note  immediately  preceding  that  on 
which  the  break  occurred,  the  vocal  bands  can  be  seen  to 
be  long  and  wide  and  the  posterior  three  fouiths  of  the 
chink  of  the  glottis  is  open.  By  open  I  mean  that  the 
edges  of  the  vocal  bands  are  not  in  actual  contact.  The 
anterior  fourth  or  fifth  of  the  ligamentous  portion  of  the 
glottis  is  closed.  The  space  between  the  vocal  bands  is 
widest  in  the  cartilaginous  portion  of  the  glottis.  In  the 
production  of  the  next  note  higher,  F  sharp,  the  second  of 
the  pair,  a  marked  change  in  the  size  of  the  larynx  and  in 
the  length  of  the  vocal  bands  is  seen  to  have  occurred. 
The  cavity  of  the  larynx  has  been  suddenly  reduced  in  size 
and  the  vocal  bands  have  been  shortened.  The  cartilagi- 
nous portion  of  the  glottis  is  closed  and  the  ligamentous 
portion  is  open  in  a  linear  slit  from  the  posterior  vocal  pro- 
cess to  within  a  short  distance  of  the  anterior  insertions  of 
the  vocal  bands.  The  decrease  in  the  length  of  the  vibra- 
tory portions  of  the  vocal  l>ands  is  due  to  the  closure  of  the 
cartilaginous  glottis,  for  the  ligamentous  glottis  remains 
about  the  same  as  in  the  note  before  the  break.  The  arytfe- 
noid  cartilages  have  been  brought  much  closer  together 
and  occupy  a  more  posterior  position.  These  pictures  were 
taken  one  after  the  other  in  quick  succession,  the  condi- 
tions in  every  respect,  except  the  note  sung,  being  the 
same.  The  antero-posterior  and  lateral  dimensions  of  the 
cavity  of  the  larytix  are  shown  to  have  been  considerably 
decreased  when  the  voice  broke  into  the  register  above. 
When  the  mechanism  of  the  larynx  was  changed  the  voice 
acquired  a  very  different  quality,  which  continued,  in  grad- 
ual elevation  of  pitch,  throughout  the  register.  As  marked 
a  change  as  this  in  the  mechanism  of  the  vocal  bands  in 


females  is,  I  believe,  only  found  in  the  larjnges  of  contralto 
singers. 

It  is  believed  by  many  writers  on  the  voice  that  with 
the  change  in  the  mechanism  of  the  vocal  bands  the  epi- 
glottis is  raised  higher  than  in  the  register  below.  I  am 
of  the  opinion  that  it  is  usually  depressed.  The  reason  for 
this  belief  is  that,  with  very  few  exceptions,  I  have  found 
it  lower  in  the  photographs  showing  the  change  than  in 
those  representing  the  note  preceding  it.  When  the  voice 
of  this  subject  broke  into  the  middle  register  it  was  with 
difficulty  that  I  could  get  the  epiglottis  to  rise  as  high  as 
it  is  shown  here,  which,  though  high  enough  to  show  the 
anterior  insertions,  is  not  so  high  as  it  was  before  the  break. 
There  does  not  seem  to  be  any  difference  in  the  width  of 
the  vocal  bands,  but  in  this  particular  the  appearances  vary, 
the  variation  being  due  to  the  position  of  the  ventricular 
bands.  The  entire  upper  surfaces  of  the  vocal  bands  are 
rarely  exposed  to  view  during  the  production  of  the  middle 
and  upper  notes. 

As  this  singer  ascends  the  scale'above  the  break  at  F 
sharp,  the  vocal  bands  are  increased  in  length  and  the  chink 
;>'radually  enlarges,  as  shown  in  Pair  4.    The  first  photo- 


Pair  4. 


2,'raph  is  of  the  larynx  while  singing  F  sharp,  treble  clef, 
lirst  space,  the  note  on  which  the  lower  break  occurred, 
and  the  second  while  sinjring  D,  treble  clef,  fourth  line, 
which  is  the  highest  note  in  the  middle  register  of  the  voice 
of  this  singer.  The  difference  in  the  length  of  the  vocal 
bands  and  width  of  the  chink  of  the  glottis,  as  the  voice 
mounts  from  the  lowest  to  the  highest  note  of  the  middle 
register,  is  clearly  shown.  Not  only  is  it  shown  that  the 
vocal  bands  increase  in  length  as  the  voice  ascends  the  scale, 
but  the  cartilaginous  portion  of  the  glottis — which,  while  pro- 
ducing the  lowest  note  of  this  register,  is  seen  to  be  tightly 
closed — has  begun  to  open  again,  as  shown  by  the  small  tri- 
angular opening  which  has  appeared  between  the  arytsenoids 
in  the  second  of  this  pair.  Again,  as  the  vocal  bands  in- 
crease in  length  in  this  register,  their  tension  is  apparently 
decreased.  The  capitula  Santorini,  which  in  the  photo- 
graph representing  the  lowest  note  in  the  middle  register 
are  seen  to  be  close  together  and  occupy  a  position  well 
backward  in  the  biryngeal  image,  become  more  and  more 
separated  and  are  tilted  more  and  more  forward  in  the 
ascent  of  the  scale. 

Now  the  voice  mounts  one  note  higher — that  is,  to  E 
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treble  cJef,  fourth  space — and  as  it  does  so  a  distinct  change 
in  the  quality  of  the  voice  is  heard  and  the  second  change 
in  the  mechanism  of  the  vocal  bands  occurs.  The  changes 
which  take  place  in  the  larynx  at  the  upper  break  in  the 


Pa  IK  5. 

voice  of  this  singer  are  shown  in  Pair  5.  The  first  of  the 
pair  represents  the  larynx  while  singing  D,  treble  clef,  fourth 
line,  the  note  immediately  preceding  the  break,  and  the  sec- 
ond shows  the  change  which  occurred  while  singing  E,  the 
next  note  above.  A  very  decided  change  in  the  mechanism 
of  the  vocal  bands  is  apparent.  These  ligaments  have  grown 
shorter  and  narrower,  and  the  chink,  which  in  the  note  be- 
fore the  break  can  be  seen  to  be  linear  in  shape  and  quite 
wide,  after  the  break  becomes  considerably  reduced  in  both 
length  and  width.  Not  only  is  the  cartilaginous  portion 
of  the  glottis  closed  in  the  note  after  the  break,  but  also  a 
small  portion  of  the  ligamentous  glottis  adjoining  it.  The 
chink  appears  to  be  closed  to  the  same  extent  in  front  as  it 
was  while  producing  the  note  immediately  preceding.  There 
is,  therefore,  stop-closure  in  front  and  behind  which  leaves 
a  slit  in  the  middle  of  the  glottis  measuring  a  little  more 
than  half  the  length  of  the  vocal  bands.  In  addition  to 
these  changes  it  may  be  observed  that  the  epiglottis  is  de- 
pressed and  the  arytsenoid  cartilages  have  again  receded. 
As  this  is  the  highest  note  which  this  subject  is  capable  of 
singing  with  ease,  we  can  not  study  the  action  of  the  vocal 
bands  in  the  production  of  tones  in  the  upper  register. 

It  may  be  remembered  that  in  this  larynx  the  vocal 
bands  increased  in  length  fiom  the  low  F  sharp  to  the 
E  above.  At  the  next  note  above  they  were  suddenly 
shortened.  At  the  next  note  higher  they  began  to  in- 
crease in  length  again,  until  D,  above,  was  reached,  and 
at  E,  the  note  next  above,  they  were  again  suddenly  short- 
ened. It  will  be  instructive  to  determine  the  degree  to 
which  the  vocal  bands  were  lengthened  and  at  what  point 
in  the  scale  they  were  longest.  We  saw  that  in  the  lower 
register  the  vocal  bands  were  longest  in  the  production  of 
the  highest  note,  and  in  the  middle  register  they  were  also 
longest  while  the  highest  note  was  being  sung.  By  com- 
paring the  photographs  representing  these  notes  (Pair  6) 
it  can  be  seen  that  the  vocal  bands  were  as  long,  if  not  the 
longest,  while  the  highest  note  of  the  lower  register  was 
being  sung.  In  this  subject  the  vocal  bands  increase  in 
length  in  each  register,  but  they  attain  as  great  a  length 
in  the  lower  as  in  either  of  the  registers  above,  if  not 


greater.  It  is  generally  thought  that  the  pitch  is  raised 
by  the  vocal  bands  increa4ng  progressively  in  tension  and 
length.  In  regard  to  length  this  is  true  in  some  cases,  while 
in  others  it  is  only  true  as  applied  to  a  register,  not  to  the 
whole  of  the  voice. 

The  next  series  of  photographs  which  I  will  exhibit  ai'e 
of  the  larynx  of  a  professional  singer  who  possesses  a  rich 
contralto  voice  of  large  range  and  good  volnme.*  Though 
this  singer  has  as  large  a  range  as  she  whose  larynx  we  liave 
just  investigated,  the  pitch  of  her  speaking  voice  is  several 
tones  higlier.  Here  we  shall  find  tbat  the  larynx  acts  in  a 
very  different  way  from  that  just  examined.  The  first  photo- 
graph of  this  pair  was  taken  while  F  sharp,  treble  clef,  third 
line  below  staff,  was  being  sung;  the  second,  while  she  was 
nnging  D,  treble  clef,  first  space  below  stafi^.  The  right 
•irytsenoid  cartilage  overlaps  its  fellow.  In  the  production  of 
the  low  note  the  anterior  insertions  are  covered,  and  we  can 
not,  therefore,  see  how  long  the  vocal  bands  really  are.  The 
ligamentous  portion  of  the  glottis  is  well  open,  the  chink 
being  much  wider  behind  than  in  front.  The  cartilaginous 
glottis  appears  to  be  closed,  but  I  do  not  think  that  it  really 
is,  but,  because  of  the  somewhat  unusual  setting  of  the  ary tje- 
noid  cartilages,  the  cleft  between  them  can  not  be  seen.  As 
the  voice  ascends  the  scale,  the  epiglottis  is  raised,  the  vocal 
bands  increase  in  length,  and  the  chink  of  tbe  glottis  is 
gradually  narrowed  until  at  D,  the  highest  note  of  the  lower 


Pair  6. 


register,  we  find  that  the  vocal  bands  appear  to  be  consid- 
erably elongated,  the  chink  considerably  reduced  in  width, 
and  the  epiglottis  raised  considerably  higher.  The  carti- 
laginous portion  of  the  glottis  still  appears  to  be  closed,  and 
there  is  no  evidence  of  a  forward  movement  of  the  capitula 
Santorini.  When  the  next  note  higher  was  sung,  a  very 
noticeable  change  in  the  quality  of  the  voice  was  heard, 
and,  by  examining  the  photographs  taken  while  that  note 
was  being  sung  with  that  representing  the  note  below  it,  it 
will  be  seen  that  a  slight  change  in  the  mechanism  occurred. 
The  epiglottis  is  depressed.  The  vocal  bands  are  longer 
and  narrower,  their  edges  are  straightcr,  and  the  chink  of 
the  glottis,  which  in  the  note  before  the  break  was  closed 
in  front,  has  opened  from  the  anterior  to  the  posterior  com- 
missure, and  is  considerably  increased  in  size.    The  carti- 

*  The  photographs  of  the  larynx  of  this  subject  are  clear  and  strong 
enough  for  satisfactory  exhibition  upon  the  screen,  but  are  too  weak  for 
direct  reproduction  by  the  photo-engraving  process. 


THE  ACTION  OF  THE 

iaginous  glottis  still  appears  to  be  closed.  The  ar}  ta^noid 
cartilage  on  the  right  side  occupies  the  sarae  position  as  he- 
fore  the  break,  but  the  left  has  moved  a  little  backward. 

The  voice  now  ascends  the  scale  until  D,  treble  clef, 
foiirtli  line,  is  reached,  when  it  can  he  seen  that  the  epi- 
glottis is  slightly  raised,  the  vocal  bands  appear  to  bo  in- 
creased in  length  and  decreased  in  width,  and  the  arytsBnoid 
cartilages  are  turned  further  forward  and  brought  closer 
together.  The  chink  of  the  glottis  is  still  open  from  front 
to  back,  and  is  altogether  larger  than  in  the  lower  note  of 
this  register.  The  apparent  increase  in  the  length  of  the 
vocal  bands  is  partly  due  to  the  fact  that  the  cartilaginous 
portion  of  the  glottis  is  now  beginning  to  open.  This  note 
is  as  high  as  this  subject  can  sing  with  ease. 

In  many  particulars  the  action  of  this  larynx  is  the  re- 
verse of  that  just  examined.  In  this  the  cartilaginous  glot- 
tis does  not  appear  to  begin  to  open  until  the  highest  notes 
are  reached.  In  the  lower  register  the  chink  of  the  glottis 
decreases  instead  of  increases  in  size  as  the  voice  ascends. 
At  the  lower  break  the  vocal  bands  are  increased  instead 
of  decreased  in  length,  and  the  chir.k  of  the  glottis  is  in- 
creased instead  of  decreased  in  size.  In  the  lar}  nx  before 
examined  the  chink  of  the  glottis  increased  in  size  and  the 
vocal  bands  increased  in  length  as  the  voice  ascended  in 
each  register,  attaining  their  greatest  length  at  the  highest 
note  of  the  middle  register;  but  in  this  the  vocal  bands  at- 
tained their  greatest  length  at  the  highest  note  in  the  voice 
of  this  subject,  which  corresponds  to  about  the  highest  note 
of  the  middle  register. 

The  next  series  of  photographs  which  I  will  show  were 
taken  of  the  larynx  of  a  well-trained  soprano  singer  who 
possesses  the  extraordinary  range  of  four  octaves.  The 
voice  is  of  excellent  quality.    The  first  of  Pair  7  was  taken 


Pair  7. 


of  the  larynx  while  F  sharp,  treble  clef,  third  line  below 
staff,  was  being  sung,  and  the  second  while  singing  C  sharp, 
treble  clef,  tirst  line  below  staff.  They  represent  one  of 
the  lowest  and  the  highest  notes  of  the  lower  register  of 
this  woman's  voice.  As  the  voice  mounts  the  scale,  the 
vocal  bands  increase  in  length  and  the  cartilaginous  portion 
of  the  glottis,  which  in  the  lower  note  is  seen  to  be  partly 
open,  increases  in  size.  The  arytaenoid  cartilages  recede 
from  the  anterior  wall  of  the  larynx,  and,  as  they  do  so,  the 
capitula  Santorini  seem  to  pitch  forward,  leaving  a  deepen- 
ing cleft  between  them.    In  the  neighborhood  of  C  sharp 
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a  change  in  the  quality  of  the  voice  vi'as  heard,  not  only  by 
myself,  hut  also  by  a  competent  judge  who  listened  to  the 
singing  of  the  tones  while  the  photographs  were  being 
taken.  The  change  in  quality  was  not  great,  but  was  suffi- 
ciently distinct  to  be  heard  hy  a  trained  ear.  I  say  that 
the  change  could  be  heard  in  the  neighborhood  of  C  sharp, 
for  tlie  note  at  which  the  break  occurred  varied  considera- 
bly in  this  subject.  In  some  of  the  runs  it  occurred  at  C 
sharp,  in  others  at  D  or  E.  Not  knowing  exactly  where  it 
would  occur,  it  was  difficult  to  get  a  satisfactory  idea  of  the 
nature  of  the  change  in  the  laryngoscopic  mirror.  I  there- 
fore took  photographs  while  the  subject  sang  each  note 
from  the  A  below  to  the  A  above.  An  examination  of  the 
negatives  revealed  the  break  at  I),  a  photograph  of  the 
larynx  while  singing  which  is  shown  in  Pair  8,  together  with 
one  while  singing  the  note  immediately  preceding  it. 


Pair  8. 


The  change  in  the  mechanism  at  the  lower  break  of  the 
voice  of  this  subject  consists  of  a  marked  decrease  in  the 
width  of  the  slit  between  the  vocal  bands  in  the  ligament- 
ous glottis  and  slight  tilting  backward  of  the  capitula  San- 
torini, and  consequently  a  shallowing  of  the  cleft  between 
them  ;  but,  unlike  the  contralto  subject  first  examined,  the 
cartilaginous  glottis  still  remains  open.  This  condition  is, 
I  believe,  the  exception,  a  partial  or  complete  closure  of  the 
cartilaginous  portion  of  the  glottis  the  rule. 

From  this  point  the  vocal  bands  are  gradually  increased 
in  length  and  decreased  in  width  as  the  voice  mounts  the 
scale  in  the  middle  register,  as  is  seen  in  Pair  9. 


Pair  9. 


The  first  represents  D,  treble  clef,  first  space  below 
staff,  the  note  after  the  lower  break.    The  second,  E,  treble 
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clef,  fourth  space.  These  are  the  lowest  and  highest  notes 
of  the  middle  register  of  this  subject.  Besides  the  elonga- 
tion of  the  vocal  bands,  which  appears  to  be  about  an  eighth 
of  an  inch,  the  arytsenoid  cartilages  are  again  tilted  forward 
and  the  cleft  between  them  is  deepened,  thus  exposing  more 
of  the  cartilaginous  portion  of  the  glottis.  The  edges  of 
the  vocal  bands  have  receded  from  each  other  as  the  voice 
mounted  the  scale.  In  all  other  respects  the  same  remarks 
will  apply  here  as  were  made  npon  the  action  of  the  larynx 
in  the  lower  register. 

At  the  next  note  higher — F  sharp,  treble  clef,  top  line — 
another  change  in  the  quality  of  the  voice  occurred,  and 
with  it  a  change  in  the  laryngeal  mechanism,  which  is  dis- 
played in  the  next  pair  of  photoa^raphs.     The  voice  has 


Pair  10. 

broken  into  the  upper  or  head  register,  and  the  change  in 
the  mechanism  is  decided.  The  vocal  bands  are  reduced  in 
length  and  appear  to  be  narrower.  The  edges  of  the  vocal 
bands  are  closer  together,  only  a  narrow  linear  slit  being 
left  between  them.  The  capitula  Santorini  are  tilted  back- 
ward, and  the  cartilaginous  portion  of  the  glottis  is  nearly 
or  quite  closed.  The  position  of  the  epiglottis  is  about  the 
same  as  when  producing  the  note  before  the  break.  Indeed, 
its  position  is  not  changed  at  either  of  the  breaks  in  the 
voice  of  this  subject,  which  is,  I  believe,  the  exception  to 
the  rule.    This  marks  the  beginning  of  the  upper  register. 

The  opinion  prevails  that  in  the  production  of  tones  in 
the  upper  register,  some  portion  of  the  edges  of  the  vocal 
bands  is  in  contact,  or  pressed  tightly  together.  In  other 
words,  that  stop-closure  occurs.  Here  the  anterior  fourth  of 
the  glottic  chink  is  closed,  but  the  same  amount  of  closure 
in  the  same  position  may  be  seen  in  the  larynx  singing  the 
note  before  the  break.  Mucus  in  the  posterior  part  of  the 
chink  gives  an  appearance  of  closure  at  that  point,  but  stop- 
closure  has  not  occurred  in  this  the  lowest  note  of  the  head 
register. 

Now  the  voice  mounts  to  high  C  sharp.  Pair  11 
shows  the  larynx  while  singing  that  note,  and  the  note 
on  which  the  voice  broke  into  the  head  register.  In  that 
representing  C  sharp  it  can  be  seen  that  the  whole  of  the 
cavity  of  the  larynx  is  smaller  and  the  vocal  bands  and  the 
chink  of  the  glottis  are  naiTower.  The  vocal  bands  appear 
to  be  much  shorter,  but,  as  the  anterior  ends  are  covered  by 
the  cushion  of  the  epiglottis,  it  is  impossible  to  say  how 
much  shortened  they  really  are.  The  arytenoid  cartilages 
are  closer  tofjether  and  are  inclined  farther  forward  in  the 


high  than  in  the  low  note  of  this  register.  The  mucous 
membrane  covering  the  lateral  walls  of  the  larynx  is 
wrinkled,  showing  that  during  the  production  of  this  high 


Pair  11. 

note  it  IS  not  capable  of  contracting  to  a  sufficient  extent 
to  present  a  smooth  surface.  In  the  high  note  even  the 
contact  between  the  vocal  bands  which  can  be  seen  in  the 
lowest  head  note,  and  which  we  saw  occurred  in  the  pro- 
duction of  notes  in  the  middle  register,  has  disappeared, 
and  there  is  a  clear  linear  space  between  the  vocal  bands  the 
entire  length  of  the  glottis. 

The  next  pair  (Pair  12)  represents  high  C  sharp,  and  a 
still  higher  note  in  the  voice  of  this  subject — F  sharp.  In 
that  representing  F  sharp  we  may  observe  that  the  cavity 
of  the  larynx  is  greatly  contracted.  The  epiglottis  not  so 
high  as  when  C  sharp  was  being  sung.  In  fact,  the  four 
walls  of  the  larynx  are  crowded  toward  the  center  and  the 
epiglottis  is  curled  inward.  The  arytiienoid  cartilages  are 
almost,  if  not  quite,  in  contact.    The  vocal  bands  are  very 


short  and  look  like  threads.  The  most  surprising  revela- 
tion made  in  this  picture  is  that  there  is  no  stop-closure.  It 
is  possible  that  there  was  slight  contact  between  the  edges 
of  the  vocal  bands  in  the  posterior  portion  of  the  glottis, 
but  it  is  my  opinion  that  air  was  passing  between  the  edges 
of  the  vocal  bands  the  entire  length  of  the  glottis  when 
this  photograph  was  taken. 

Here  (Pair  13)  is  a  photograph  of  another  larynx,  taken 
while  high  C  sharp  was  being  sung  in  the  head  register, 
coupled  with  the  photograph  of  the  same  note  which  we 
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have  just  examined.  Here,  also,  we  find  that  there  is  no 
contact  between  the  edsres  of  the  vocal  bands. 


Paib  13. 


While  the  photographs  represented  in  Pair  14  were 
being  taken  the  subjects  were,  without  question,  singing- 
pure  head  tones.  I  felt  morally  certain,  while  viewing  the 
vocal  bands  in  the  laryngoscopic  mirror  attached  to  the 
camera  at  the  instant  the  photographs  were  taken,  that 
there  was  close  contact  between  the  posterior  third  of  the 
vocal  bands  in  the  first  subject,  and  a  "jam"  between  the 
edges  of  the  posterior  half  of  the  glottis  in  the  second. 
The  photographs,  however,  show  that  in  the  first  subject 


Pair  14. 

the  vocal  bands  are  closer  together  behind  than  in  front, 
but  there  is  no  contact.  In  the  second  there  is  contact,  but 
the  edges  are  by  no  means  as  tightly  pressed  together  as 
they  seemed  to  be  in  the  mirror.  The  eye  was  deceivol 
while  viewing  the  reflections  in  the  mirror,  and  this  decep- 
tion has  occurred  not  infrequently  in  my  studies. 

There  is,  perhaps,  a  greater  uniformity  in  the  opinions 
of  writers  in  regard  to  the  mechanism  of  the  vocal  bands  in 
the  production  of  tones  in  the  upper,  or  head,  register  than 
upon  any  other  action  of  the  glottis  in  singing.  Indeed,  1 
am  not  aware  that  there  is  a  writer  of  prominence  who 
does  not  believe  that  stop-action  occurs  in  all  head  tones. 
From  the  revelations  made  in  the  photographs  of  the  glot- 
tis, taken  while  bead  tones  were  being  sung,  I  would  offer 
the  opinion  that  contact  of  the  vocal  bands  in  the  first  five 
or  six  tones  does  not  occur  in  half  the  cases. 

Now,  permit  me  to  return  to  the  series  which  we  have 


just  been  studying  to  determine  the  point  in  the  compass  of 
this  voice  at  which  the  vocal  bands  arc  found  to  be  longest. 
The  vocal  bands  increase  in  length  as  the  voice  ascends  the 
gamut  in  each  register,  so  that  they  are  longest  at  the  high- 
est note  of  each  register.  Let  us,  therefore,  compare  the 
photographs  representing  the  highest  notes  of  the  lower 
and  middle  registers.  It  is  not  necessary  to  apply  the 
measuring  line  to  prove  that  the  bands  are  longest  in  the 
highest  note  of  the  middle  register ;  the  difference  is  evi- 
dent to  the  eye. 


Pair  1.5. 

I  have  as  yet  been  unable  to  determine  that  traininsr 
of  the  voice  affects  the  action  of  the  glottis.  The  same 
conditions  are  occasionally  seen  to  exist  in  the  larynges  of 
both  trained  and  untrained  singers  while  singing  the  same 
notes  in  the  same  register.  The  differences  are  as  great  in 
the  action  of  the  glottis  in  trained  singers  as  between 
trained  and  untrained. 

The  next  series  of  photographs  were  taken  of  the  larynx 
of  a  soprano.  The  subject  has  a  correct  ear  for  mnsic  and 
has  a  good  voice  of  small  range.  She  knows  nothing  of 
the  science  of  singing,  never  having  received  any  kind  of 
vocal  instruction.  She  may  therefore  be  called  a  natural 
singer.  I  took  photographs  of  her  larynx  while  singing 
from  the  lowest  to  the  highest  tones  which  she  can  sing 
with  ease.    Pair  16  shows  the  larynx  while  singing  one  of 


Pair  16. 


the  lowest  and  the  highest  notes  of  her  lower  register — 
viz.,  F  sharp,  treble  clef,  third  line  below  staff,  and  D, 
treble  clef,  first  space  below  staff.  The  action  of  the  larynx 
in  this  register  is  unlike  either  of  those  we  have  examined 
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to-day.  In  the  first  contralto  and  first  soprano  subjects 
both  the  ligamentous  and  cartilaginous  portions  of  tlx 
glottis  were  open  and  the  chink  increased  in  size  as  the 
voice  ascended.  In  the  second  contralto  subject  only  the 
ligiraentous  portion  of  the  glottis  appeared  to  be  open,  and 
the  cliink  decreased  in  size  while  the  scale  was  ascended. 
Here  the  ligamentous  and  cartilaginous  portions  of  the 
glottis  are  seen  to  be  open,  and  there  is  a  relative  decrease 
in  the  size  of  the  chink  as  the  voice  mounts  upward.  The 
anterior  insertions  show  well  in  both  photographs,  and  by 
measurement  it  is  found  that  the  vocal  bands  increase  one 
third  in  length  in  this  register.  The  epiglottis  rises  and 
the  capitula  Santorini  are  tilted  forward  and  brought  closer 
together  as  the  voice  ascends.  At  the  next  note  above — E 
treble  clef,  first  line — a  (diange  in  the  qnality  of  the  voice 
was  distinctly  heard,  which  was  accompanied  by  a  change 
in  the  position  of  tlie  various  structures  of  the  larynx,  the 
nature  of  which  can  be  seen  in  Pair  IV.  The  epiglottis  ha^ 
dropped  to  a  considerable  extent.  The  anterior  faces  ol 
the  arytaenoid  cartilages  are  exposed  to  view,  showing  thai 
they  have  been  tilted  backward.    They  can  also  be  seen  to 
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be  farther  apart  than  in  the  note  before  the  break,  and  yet 
the  cartilaginous  portion  of  the  glottis,  which  was  partly 
open  in  the  note  below,  is  now  closed.  The  chink  presents 
as  a  linear  slit  and  the  vocal  bands  appear  to  be  much  more 
tense.  The  vocal  bands  in  the  two  photographs  seem  to  be 
about  the  same  in  length  and  width.  As  the  voice  ascends 
from  this  point,  the  epiglottis  rises  and  the  vocal  bands  ap- 
pear to  decrease  in  length,  but  whether  they  are  really  short- 
ened can  not  be  determined,  as  the  anterior  insertions  are 
covered  by  a  fold  of  tissue  at  the  lower  boundary  of  the 
anterior  wall. 

In  the  photograph  representing  the  highest  note  which 
this  subject  can  sing  with  comfort — E,  treble  clef,  fourth 
space — which  is  shown  with  that  representing  the  note  after 
the  break  in  Pair  18',  the  chink  can  be  seen  to  have  an 
elliptical  shape,  and  the  edges  of  the  vocal  bands,  instead  of 
being  in  contact  in  front,  as  can  be  seen  in  the  photograph 
representing  the  lower  note,  are  in  contact  to  a  slight  ex- 
tent posteriorly.  The  arytsenoid  cartilages  are  seen  to  be 
closer  together  in  the  upper  note  and  the  mucous  mem- 
brane between  them  has  tightened  up  to  a  considerable  ex- 
tent. The  epiglottis  rose  as  the  voice  ascended  the  scale 
in  this  register.    It  is  very  certain  that  this  woman  was  not 


singing  a  head  tone  at  the  time  the  last  photograph  was 
taken.  She  is  incapable  of  singing  in  the  head  register, 
ft  is  therefoi'c  somewhat  surprising  to  find  that  the  mech- 
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anism  used  is  that  commonly  belie\'ed  to  be  characteristic 
of  the  upper  register.  It  is  also  interesting  to  observe 
that  the  vocal  bands  are  apparently  shorter  in  the  highest 
than  in  the  lowest  note  of  this  register,  and  therefore 
shorter  than  while  producing  the  highest  note  of  the  lower 
register. 

The  four  series  of  photographs  which  have  been  shown 
to-day  were  not  selected  to  prove  any  preconceived  ideas. 
They  simply  represent  the  variations  which  will  be  met  with 
in  any  four  consecutive  studies.  It  is  therefore  scarcely  to 
be  wondered  at  that  the  theories  regarding  the  action  of 
the  glottis  in  singing  differ  so  widely,  especially  those 
based  upon  the  study  of  one  subject  or  a  few.  In  all  of  the 
larynges  examined  to-day  we  found  a  change  in  the  mechan- 
ism of  the  vocal  bands  in  the  neighborhood  of  E,  treble 
clef,  first  line,  and  in  those  capable  of  singing  tones  in  the 
upper  register,  another  in  the  neighborhood  of  F  sharp, 
treble  clef,  top  line.  In  twenty-five  or  more  female  sub- 
jects whose  larynges  I  have  investigated  in  the  manner 
demonstrated  to-day,  I  have  not  failed  to  find  evidence  of 
changes  at  one  or  both  of  these  points  in  the  scale.  I  am 
of  the  opinion  that  the  female  voice  has  three  registers.  It 
is  quite  probable  that,  in  voices  with  exceptional  ranges, 
there  are  four  registers,  but  sufficient  evidence  has  not  yet 
been  obtained  to  make  this  demonstrable. 

Though  the  number  of  series  of  photographs  which 
have  been  taken  of  the  larynx  in  singing  is  quite  large,  I 
do  not  yet  feel  justified  in  drawing  definite  conclusions 
from  them,  regarding  many  of  the  movements  of  the  glottis 
at  different  points  in  the  scale,  but,  from  the  study  made 
thus  far,  the  following  conclusions  regarding  the  glottis  of 
the  female  may,  I  think,  be  safely  drawn  : 

1.  The  larynx  may  act  in  a  variety^  of  ways  in  the  pro- 
duction of  the  same  tones  or  registers  in  different  indi- 
viduals. 

2.  The  rule — which,  however,  has  many  exceptions — is 
that  the  vocal  bands  are  short  and  wide  and  the  ligament- 
ous and  cartilaginous  portions  of  the  glottis  are  open  in 
the  production  of  the  lower  tones  ;  that,  as  the  voice  as- 
cends the  scale,  the  vocal  bands  increase  in  length  and  de- 
crease in  width,  the  aperture  between  the  posterior  portions 
of  the  vocal  bands  increases  in  size,  the  capitula  Santorini 
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are  tilted  more  and  more  forward,  and  the  epuj;lottis  rises 
until  a  note  in  the  neig'hborhood  of  E,  treble  clef,  first  line, 
is  reached.  The  cartilaginous  glottis  is  then  closed.  The 
glottic  chink  becomes  much  narrower  and  linear  in  shape, 
the  capitula  Santorini  are  tilted  backward,  and  the  epiglot- 
tis is  depressed. 

When  the  vocal  bands  are  shortened  in  the  change  at 
the  lower  break  in  the  voice,  it  is  mainly  due  to  closure  of 
the  cartilaginous  portion  of  the  glottis,  the  ligamentous 
portion  not  usually  being  affected.  If,  therefore,  the  carti- 
laginous glottis  is  not  closed,  there  is  usually  no  material 
change  in  the  length  of  the  vocal  bands. 

As  the  voice  ascends  from  the  lower  break,  the  vocal 
bands  increase  in  length  and  diminish  in  width,  the  poste- 
rior portion  of  the  glottic  chink  opens  more  and  more,  the 
capitula  Santorini  are  lilted  forward,  and  the  epiglottis  rises 


until,  in  the  neighborhood  of  E,  treble  clef,  fourth  space, 
another  change  occurs. 

The  glottic  chink  is  then  reduced  to  a  very  narrow  slit, 
in  some  subjects  extending  the  whole  length  of  the  glottis. 
In  others,  closing  in  front,  or  behind,  or  both.  jVot  only  is 
the  cartilaginous  glottis  always  closecl,  but  the  ligamentous 
glottis  is,  I  believe,  invariably  shortened.  The  arytfienoid 
cartilages  are  tilted  backward  and  the  epiglottis  is  de- 
pressed. As  the  voice  ascends  in  the  head  register  the 
cavity  of  the  larynx  is  reduced  in  size,  the  aryta^noid 
cai'tilages  are  tilted  forward  arid  brought  closer  to- 
gether, the  epiglottis  is  depressed,  and  the  vocal  bands 
decrease  in  length  and  breadth.  If  the  posterior  part  of 
the  ligamentous  portion  of  the  glottis  is  not  closed  in 
the  lower,  it  is  likely  to  be  in  the  upper  notes  of  the  head 
register. 
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